ABSTRACT: The Florida panther (Puma concolor coryi) is one of the most endangered mammals, with the entire population estimated to consist of only 30-50 adult animals. Between 1978 and 1999, 73 free-ranging Florida panther carcasses were submitted for postmortem evaluation, of which 47 (64%) were radiocollared and 26 (36%) were uncollared cats. Overall, mortality of panthers Ͼ6-mo-old was due to vehicular trauma in 25 (35%), intraspecific aggression in 19 (26%), illegal kill in seven (10%), research activities in two (3%), infectious diseases in two (3%), esophageal tear in one (1%), pleuritis in one (1%), pyothorax in one (1%), aortic aneurysm in one (1%), atrial septal defect in one (1%), and causes of death were undetermined in 13 (18%) due to autolysis. Of the 25 panthers that were killed by vehicular trauma, 20 (80%) died between October and April. This coincides with increased number of winter visitors to south Florida. Among radiocollared panthers, intraspecific aggression was the primary cause of mortality for 19 (41%) dead cats. Of these cats, 16 (84%) were males and 14 (88%) were either less than 3 or more than 8-yr-old. These animals were probably fighting to establish or retain territory. Among the 26 uncollared panthers, vehicular trauma was the primary cause of mortality and was responsible for 16 (62%) deaths. This study documents the causes of mortality and the age, sex, and seasonal mortality trends for both radiocollared and uncollared free-ranging endangered Florida panthers over a 21-yr-period.
INTRODUCTION
Long-term comprehensive studies of non-hunting related mortality of free-ranging cougar (Puma concolor) populations are extremely difficult due to cougar's large home ranges which usually encompass rugged terrain and their elusive nature (Quigley and Hornocker, 1992; Charlton et al., 1998) . Often carcasses cannot be located and retrieved for diagnostic evaluation before scavenging and autolysis occur (Hemker et al., 1984) . Causes mortality of free-ranging cougars include intraspecific aggression, infectious diseases, starvation, trauma from prey, vehicular trauma, research activities, drowning, electrocution, rattlesnake bite, atrial septal defects, aortic aneurysm, old age, and hunter harvest (Gashwiler and Robinette, 1957; Hornocker, 1970; McBride, 1976; McCauley, 1977; Sitton, 1977; Anderson, 1983; Logan 1983; Hemker et al., 1984; Logan et al., 1986 Logan et al., , 1996 Lindzey et al., 1988 Lindzey et al., , 1989 Spreadbury, 1989; Maehr et al., 1991b; Ross and Jalkotzy, 1992; Cunningham et al., 1995; Ross et al., 1995; Charlton et al., 1998; Rotstein et al., 2000a) .
The Florida panther (P. concolor coryi), a subspecies of cougar, once inhabited the entire southeastern United States and was contiguous with other cougar subspecies (Goldman, 1946; Belden, 1986) . Until 1966, the Florida panther was hunted for sport and to protect livestock from predation. Records indicate that at least 55 panthers were killed prior to 1958 and seven from 1966 to 1976 (McCauley, 1977 . The panther also has been affected by landscape changes that include fragmentation and habitat loss from human hous-ing and road development, conversion of land use to citrus groves, and introduction of exotic plants and animals (Belden et al., 1988) . Since 1967, the Florida panther has been federally protected as an endangered species and the current population is estimated to consist of 50 adult cats (Belden, 1986) . These animals inhabit the Big Cypress Swamp and Everglades ecosystems of southern Florida.
Field studies on the panther have been conducted since 1976 and have provided information on habitat, home range requirements, food habits, reproduction, and health (Forrester et al., 1985; Maehr et al., 1989 Maehr et al., , 1990 Maehr et al., , 1991a Maehr et al., , b, 1995 Greiner et al., 1989; Roelke et al., 1993; Glass et al., 1994; Wehinger et al., 1995; Lamm et al., 1997; Rotstein et al., 1999a Rotstein et al., , b, 2000a Cunningham et al., 1999) . Prior mortality research on the panther focused on geographic and temporal patterns, especially related to highway collisions (Maehr et al., 1991b) . This retrospective study examines the causes of mortality of 73 free-ranging Florida panthers, as well as the age, sex, and seasonal mortality trends over a 21-yrperiod.
MATERIALS AND METHODS
The study population included 73 free-ranging Florida panthers which inhabited peninsular southern Florida (south of 27Њ00ЈN) from 1978 through 1999. Excluded from this study were free-ranging animals collected prior to 1978 because of incomplete records, neonatal animals, captive panthers, and two captive panthers that died within 2 mo of release to the wild. Panthers were Ͼ6 mo of age and were tracked and treed with dogs (Maehr et al., 1989) . A CO 2 powered rifle (Telinject, Saugus, California, USA) was used to deliver anesthetic via a 3 cc dart with a 1.5 ϫ 30 mm uncollared needle. Numerous anesthetic drugs and doses were used over the years (acepromazine, ketamine . Occasionally an anesthetized cat would remain in a tree and a biologist had to climb up and lower the cat to the ground with a rope. Panthers usually were recaptured at 2-yr intervals, however this ranged from 6 mo to 5 yr.
At capture, animals were fitted with a mortality sensing radiocollar (Telonics, Inc., Mesa, Arizona, USA) and tattooed. A physical examination was conducted to assess general health and physical condition. Subcutaneous and/or intravenous isotonic fluids were administered and biomedical samples were collected. Most panthers were vaccinated for rabies (Imrab, Rhone Merieux, Athens, Georgia, USA), and panleukopenia, calicivirus, and rhinopneumonitis (Fel-O-Vax PCT, Fort Dodge Laboratories). Anthelmintics administered included ivermectin (Ivomec, Merck & Company, Rahway, New Jersey, USA) and praziquantel (Droncit, Bayer Corporation). Some panthers received long acting penicillin, vitamins, and iron dextran. Panthers were implanted with subcutaneous transponder identification chips (Infopet, Burnsville, Minnesota, USA) and weighed. Animals were aged based on records of capture as a kitten or estimated from patterns of tooth wear which were compared with tooth wear patterns of known age animals.
Radiocollared panthers were monitored three times a week by aerial telemetry. Radio collars were equipped with an activity and mortality switch. When a mortality signal was detected during aerial telemetry, aerial and ground investigations were conducted to determine the animal's status. Dead uncollared panthers usually were found by members of the public who reported them to the Florida Fish & Wildlife Conservation Commission (Naples, Florida, USA). Occasionally, a panther with vehicular trauma died on the way to a treatment facility.
Carcasses varied in degree of postmortem decomposition. They were usually put in clean plastic bags, placed on ice, and delivered to the necropsy facility. A few carcasses were frozen prior to diagnostic evaluation. Carcasses were transported to either the University of Florida (College of Veterinary Medicine, Department of Pathobiology, Gainesville, Florida), Florida Fish & Wildlife Conservation Commission field offices (Gainesville or Naples, Florida), Southeastern Cooperative Wildlife Disease Study (College of Veterinary Medicine, University of Georgia, Athens, Georgia, USA), or the University of Miami (Comparative Pathology Laboratory, Miami, Florida). Supplemental histopathology was conducted by the Wyoming State Veterinary Laboratory (University of Wyoming, Laramie, Wyoming, USA) and the Na- tional Zoological Park (Washington, D.C., USA). Carcasses were weighed, sexed, and an approximate age was determined. Some carcasses were too decomposed for collection of complete data. Some panthers were radiographed prior to necropsy. Animals were skinned and necropsied. Sections of major tissues were usually collected for histopathology. These tissues were fixed in 10% buffered formalin, embedded in paraffin, sectioned at 5-7 m, and stained with hematoxylin and eosin. Special stains were utilized as necessary. Tissues were evaluated by light microscopy. Additional diagnostic tests were utilized as appropriate and included parasitology, bacteriology, virology, and toxicology.
RESULTS
Of the 73 free-ranging Florida panthers recovered for necropsy, 47 (64%) were radiocollared and 26 (36%) were uncollared. When categorized by both age and sex, there were 19 (26%) adult females, four (5%) juvenile females, 32 (44%) adult males, 11 (15%) juvenile males, and seven (10%) of undetermined age and/or sex. The radiocollared group was composed of 14 (30%) adult females, 25 (53%) adult males, and eight (17%) juvenile males; while the uncollared group had five (19%) adult females, four (15%) juvenile females, seven (27%) adult males, three (12%) juvenile males, and seven (27%) of undetermined age and/or sex.
Primary causes of mortality were determined on 60 (82%) of the 73 panther carcasses (Table 1) . Vehicular trauma was the predominant documented cause of mortality for panthers. Of the 25 cats hit by cars, 20 (80%) died between October and April, while only five (20%) were hit between June and September. Of the 25 panthers that died this way, there were nine (36%) females, 14 (56%) males, and two (8%) of undetermined sex. Of these there were 15 (60%) adults, eight (32%) juveniles, and two (8%) of undetermined age. When both age and sex were counted together, overall vehicular trauma of the 25 panthers included four (16%) adult females, four (16%) juvenile females, 10 (40%) adult males, four (16%) juvenile males, and three (12%) undetermined.
Intraspecific aggression, was the second highest cause of mortality in panthers but was only documented in radiocollared cats and consisted of two distinct bite patterns. One was a bite to the head in which the panther's canine penetrated through the skull into brain causing immediate death. The other pattern entailed multiple bite wounds to one or more distal limbs which became infected and led to septicemia and death usually within 7-10 days. Of the 19 panthers that died from intraspecific aggression, there were two (11%) females over 11-yr-old, one (5%) female under 3-yr-old, five (26%) males over 8-yr-old, two (11%) males 5-yr-old, and nine (47%) males under 3-yr-old. Seasonally, only four (21%) panthers died between March and July, while 15 (79%) died between August and February.
Seven uncollared panthers were illegally killed by gun shot. These were two (29%) adult females, two (29%) adult males, and three (42%) of undetermined sex and age.
Two radiocollared panthers died as a result of research activities to monitor the population. An adult female died due to either a negative anesthetic drug reaction or a dose miscalculation. The panther had received a combination of acepromazine and ketamine via intramuscular dart and died approximately 8 min later. At necropsy, the animal had acute pulmonary edema. The other panther was a 10-mo-old male that had an anesthetic dart penetrate the skin of the caudal abdomen. Despite aggressive antibiotic therapy, the animal died two days later from peritonitis.
Two radiocollared panthers died of infectious disease. An unvaccinated 3-yr-old male panther died of rabies. Histology of the brain revealed subacute diffuse nonsuppurative perivascular encephalitis with eosinophilic intracytoplasmic neuronal inclusions indicating rabies. Immunofluorscence testing supported this diagnosis. The virus was typed and found to be a raccoon (Procyon lotor) strain. The only other panther documented to have died from infectious disease was a 3.5-yr-old male that died acutely from pseudorabies (Glass et al., 1994) . The animal had dark red fluid in the esophagus, stomach, and peritoneal and thoracic cavities. The duodenum contained multiple pinpoint erosions through the mucosa and the meningeal vessels were engorged with blood. Pseudorabies virus was recovered by cell culture of brain tissue. Swine (Sus scrofa) was the probable source of infection.
One radiocollared panther's death was attributed to a congenital heart defect. The 5-yr-old male died acutely and had an atrial septal defect, acute extensive hemorrhage of both lungs, and pulmonary congestion and edema.
Four radiocollared panthers died of unusual causes. A 12-yr-old female panther died of a dissecting thoracic aortic aneurysm that ruptured causing massive hemorrhage into the thoracic cavity. The aorta had a severe necrohemorrhagic arteritis with a pleocellular infiltrate of lymphocytes, macrophages, and neutrophils. A 4-yr-old male panther had a ruptured esophagus of undetermined cause associated with severe, diffuse esophagitis. This inflammation was believed to have caused weakening and thinning of the wall of a mid-dorsal vessel which also ruptured causing severe blood loss and death. An 8-yr-old female panther died from severe diffuse hemorrhagic fibrinous pleuritis, most likely of bacterial origin, that resulted in pulmonary atelectasis. A 4-yr-old male panther died of subacute diffuse severe pyothorax associated with foreign material (saw grass).
DISCUSSION
In the management of most free-ranging wildlife species, the health of the population is considered more important than that of the individual. However, the Florida panther is an exception because population size is small, and the health of each individual is of concern. There is a bias in carcass recovery of non-radiocollared panther carcasses. Animals that die away from a major road probably remain undiscovered. Highway mortality is one of the most visible sources of mortality for free-ranging wildlife (Lotz et al., 1996) . This bias leads to an interesting conclusion. Since there were 16 uncollared panthers found dead by roads as a result of vehicular trauma compared to nine radiocollared panthers, there is a possibility that the uncollared population is larger than the radiocollared population.
As in an earlier study, we found that the majority (80%) of the radiocollared and uncollared cats that were killed from vehicular trauma died between October and April (Maehr et al., 1991b) . This time frame coincides with increased number of winter visitors to southern Florida (Maehr et al., 1991b) . The majority of the cats hit were males, which are known to have larger home range territories than females (Maehr et al., 1991a) . This may also be the result of these animals searching to establish new or larger territories. Efforts to reduce vehicular trauma to panthers and other wildlife in southern Florida has led to the construction of highway underpasses to serve as wildlife crossings (Foster and Humphrey, 1995; Lotz et al., 1996) . Remote infrared motion cameras have demonstrated that panthers, as well as many other wildlife species utilize these underpasses (Lotz et al., 1996) .
Intraspecific aggression has been documented to occur in other cougar populations (Anderson, 1983; Logan et al., 1996) . Intraspecific aggression was the highest natural cause of mortality in the panthers, but was only documented in radiocollared cats. It would be virtually impossible to find the carcass of a free-ranging uncollared panther that died of intraspecific aggression before scavengers or autolysis affected its suitability for post-mortem examination. The majority of cats that died of intraspecific aggression were either young males that were probably trying to establish a territory or older males that were probably defending and losing territories. It is possible that the prevalence of intraspecific aggression within the panther population has been increased by habitat limitation (Maehr et al., 1991b) .
Of the panthers killed illegally, all were shot and were uncollared. All of these carcasses were found incidentally. A bias may exist here; individuals who illegally shoot uncollared cats might not shoot a radiocollared cat out of concern of being traced and caught.
The risk of injury and/or death of an animal exists anytime an animal is captured and handled, and this risk greatly increases in a largely uncontrolled field capture of a large dangerous predator. Between 1981 and 1998, 72 free-ranging Florida panthers were anesthetized multiple times (1-10 times per cat) for a total of 183 capture events. Direct or indirect capture related mortality only occurred twice (0.01%).
Small populations may be particularly vulnerable to disease outbreaks and inbreeding (Ralls and Ballou, 1979; O'Brien et al., 1985 O'Brien et al., , 1990 Williams et al., 1988) . Florida panthers are solitary in nature and the risk of spread of an infectious disease that could significantly impact the remaining population is low (Maehr et al., 1991a (Maehr et al., , 1995 . The two mortalities caused by infectious diseases (rabies and pseudorabies) were caused by pathogens that probably would not be transmitted through the population. The most likely source of these diseases was through catching and consuming infected raccoon and swine, which are common prey of panthers Glass et al., 1994) . The panther that died of rabies represents the first reported case of rabies to occur in a freeranging cougar.
The institution of a vaccination program for radiocollared panthers against rabies, calicivirus, panleukopenia, and rhinotracheitis may be preventing or limiting these particular diseases. Studies were initiated in 1998 to retrospectively evaluate blood samples for antibody responses to vaccination.
Detrimental effects associated with inbreeding may include congenital anomalies, increased disease susceptibility, decreased neonatal survivability, lowered reproduction, and a decreased ability to adapt genetically to environmental changes (O'Brien et al., 1985; Lacy, 1993) . Some Florida panthers had congenital heart defects, kinked tails, cowlicks, and cryptorchidism (Roelke and Glass, 1992; Roelke et al., 1993; Cunningham et al., 1999) . Six of 33 (18%) captive and free-ranging panthers necropsied by veterinary pathologists between 1985 and 1998 had an atrial septal defect (Cunningham et al., 1999) . One free-ranging panther died of an atrial septal defect and this defect possibly contributed to three other deaths.
A 12-yr-old, otherwise healthy, freeranging panther died of an aortic aneurysm (Rotstein et al., 2000a) . While aortic aneurysms have been reported in non-felid captive wild and domestic species (Stout and Bohorquez, 1972; Graham, 1977; Kenny et al., 1994; Steverink et al., 1995; Baptiste et al., 1997) , this is the first time it has been reported in a free-ranging mammal.
Mercury toxicity has been mentioned as adversely affecting panthers and a pro-posed exposure pathway identified (Facemire et al., 1995) ; yet there has never been a documented case of mercury toxicosis directly causing mortality in a Florida panther (Roelke et al., 1991) . Some free-ranging panthers have, at times, had blood and hair mercury levels of concern, and thus, studies are underway to attempt to evaluate mercury sources and determine if adverse subclinical effects may be occurring in panthers (Florida Panther Interagency Committee, 1989) .
Most free-ranging Florida panthers in this retrospective study were in good health and body condition. While most carcasses were recovered and promptly necropsied, a few were frozen first. This process could have created histopathologic artifacts or possibly reduced recovery of some infectious organisms. Yet, there was no indication of immunosuppression or clinical or postmortem evidence that environmental contaminants have directly caused mortality. Rather, mortality was predominantly caused by human activities (vehicular collisions and poaching) and by intraspecific aggression. However, further study is needed to determine if anthropogenic impacts on panther habitat result in an unnaturally high rate of intraspecific aggression.
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